We investigated the adenoviral etiology and seasonal epidemic trends in intussusception and each adenoviral subgroup. Also we confirmed whether we can use the adenovirus data of Acute Infectious Agents Laboratory Surveillance Report (AIALSR) as an epidemic predictor of intussusception. Patients with intussusception (n = 126), < 5 years old, were enrolled and matched by age and sex with controls suffering acute gastroenteritis without intussusception (n = 106), all recruited at 8 centers. All fecal specimens were assayed for adenovirus, including subgroups A, B, C, E, and F, with reverse transcriptase-polymerase chain reaction (RT-PCR). Adenovirus was detected in 53 cases and 13 controls (P < 0.001). Nonenteric adenoviruses (NEAds) were detected in 51 cases and four controls (P < 0.001). We used Spearman's correlation analysis to analyze the incidence of intussusception and adenoviral epidemic trends, and compared them with fecal and respiratory adenoviral epidemic trends in the AIALSR. The trend of intussusception correlated with total NEAds (r = 0.635; P = 0.011), as did the fecal AIALSR adenovirus trends (r = 0.572; P = 0.026). Among the NEAd subgroups, subgroup C was dominant (P < 0.001), but subgroups B (P = 0.007) and E (P = 0.013) were also significant to intussusception. However, only subgroup C showed a significant epidemic correlation (r = 0.776; P = 0.001) with intussusception. Not respiratory but fecal AIALSR adenovirus trends correlated with the incidence of NEAds and intussusception. We suggest the possibility of using fecal AIALSR adenovirus data as an approximate epidemic predictor of intussusception.
INTRODUCTION
Intussusception is the invagination of a segment of bowel into the adjacent distal bowel, and it is the most common cause of intestinal obstruction in infancy and early childhood. It constitutes a medical emergency because it impairs the blood flow and induces necrosis of the bowel segment (1) . Although the etiology of idiopathic intussusception without a leading point has not yet been clarified, idiopathic intussusception in young children often occurs after respiratory or gastrointestinal infection (2, 3) . This suggests that the presence of certain viral infections involves the hypertrophy of lymphatic tissue, which can act as the leading point (2, (4) (5) (6) (7) . However, there is little evidence of a role for viral infection in the development of intussusception. Although the first licensed rotavirus vaccine (RotaShield https://doi.org/10.3346/jkms.2017. 32.10.1647 Adenoviridae, nonenteric adenoviruses (NEAds) have been demonstrated in 20%-70% of cases of idiopathic intussusception in previous studies (3, 10, 12, 18, 19) .
Most previous studies of intussusception in terms the NEAd subgroups have been comparative studies, with few epidemiological studies. To define an epidemic pathogen, an epidemic correlation analysis between the pathogen and the disease is required. Here, we analyzed the adenovirus subgroups involved in intussusception to establish a correlation between the epidemic seasonal trends in the prevalence of the NEAd subgroups and intussusception.
MATERIALS AND METHODS
This study was based on 2 methodologies. We first used realtime reverse transcriptase-polymerase chain reaction (RT-PCR) to analyze the viruses in fecal samples from patients with intussusception (cases) or with acute gastroenteritis without intussusception (controls). The study was designed as multicenter consisting of 8 centers, annual, prospective, controlled study. We then undertook an epidemiological correlation study based on the 'Acute Infectious Agents Laboratory Surveillance Report (AIALSR), ' a nationwide report of epidemic respiratory and diarrheal pathogens. AIALSR is issued weekly by the Korea Centers for Disease Control and Prevention (KCDC). We used the fecal adenoviral epidemic data from the 'weekly viral epidemic reports of acute diarrheal disease (WRAD)' (20) and respiratory adenoviral epidemic data from 'weekly viral epidemic report of influenza and respiratory virus (WRIR)' in the AIALSR (21) . For their viral analyses, the KCDC uses enzyme-linked immunosorbent assays (ELISAs) for Adenoviridae and rotavirus, and PCR for norovirus and astrovirus. For the analysis of respiratory and fecal adenoviruses, the KCDC used the Bio Tracer Adenovirus ELISA Kit ® (Nano EnTek Inc., Seoul, Korea), which detects the general human Adenoviridae from April 2008 to the present. Previous studies have reported that a large proportion (30%-60%) of the adenoviruses detected from diarrhea in acute gastroenteritis are NEAds (22, 23) .
Patients and controls
From eight hospitals, we enrolled 126 patients with intussusception as the cases and 106 patients with acute gastroenteritis but without intussusception as the controls; all were < 5 years old between June 2012 and July 2013. To match the cases, the controls were enrolled matching with age and sex in same centers where intussusception patients were enrolled at the same admission period. Patients with intussusception (n = 126), < 5 years old, were enrolled and matched with controls suffering acute gastroenteritis without intussusception (n = 106). Eight hospitals were selected considering the Korea regional distribution: Inje University Sanggye Paik Hospital, Ajou University Hospital, Bundang Jesaeng General Hospital, Gangneung Asan Hospital, Dankook University Hospital, Pusan National University Yangsan Hospital, Ulsan University Hospital, and Kyungpook National University Hospital. We diagnosed intussusception with a diagnostic (or therapeutic) enema or abdominal ultrasonography. We excluded any participant with a history of abdominal surgical or an anatomic anomaly associated with intussusception. We collected demographic data and information on the clinical manifestations of all the participants. The clinical characteristics included a history of rotavirus vaccination, past history of intussusception, preceding symptoms (fever, symptoms of upper respiratory infection, or gastroenteritis), intussusception type, and the therapeutic reduction method used. We compared the data of the case and control groups.
All fecal specimens were assayed with real-time RT-PCR to detect adenovirus, rotavirus, norovirus, astrovirus, and sapovirus. The adenoviral subgroups (A, B, C, E, and F) were then analyzed in the adenovirus-positive cases. We also compared the demographic data and clinical manifestations of the patients in whom no virus was detected, the patients in whom NEAds were detected, and the patients in whom other viruses were detected.
Fecal specimen collection and delivery
The fecal specimens collected from all the subjects were immediately placed in an aseptic container and stored in a laboratory freezer below −20°C at each center. The specimen containers were placed directly into a delivery container containing packed dry ice and transported from each center to the laboratory (Seongnam, Korea) of Bioneer Co. (Daejeon, Korea) within 3-4 days of sampling, by the specialized medical sample delivery system of Bioneer Co.
Assessment and detection of viral pathogens

Extraction of viral nucleic acids
Viral nucleic acids were extracted from the fecal samples. The fecal samples were suspended in phosphate-buffered saline equivalent to 10 times their weight and centrifuged at 12,100 × g for 20 minutes. The supernatant was used for subsequent experiments. The viral nucleic acids in 400 μL of supernatant were extracted with the ExiPrep TM Dx Viral DNA/RNA Kit and the ExiPrep TM 16 Dx Automated Nucleic Acid Extraction System (Bioneer Co.).
Detection and serotyping of adenoviruses
RT-PCR was used to detect adenoviral subgroups A31, F40, and F41 using the Accupower Adenovirus Real-Time RT-PCR Kit analyzed with gel electrophoresis on 1.5% agarose gels. The PCR cycling conditions were: one cycle of 95°C for 5 minutes, 30 cycles of 94°C for 1 minute, 54°C for 45 seconds, and 72°C for 2 minutes, followed by 72°C for 5 minutes. The PCR products were purified using the AccuPrep Gel Purification Kit ® (Bioneer Co.). The adenovirus serotypes in the fecal samples from the adenovirus-positive children were determined with the direct DNA sequencing of the polymerase gene, the Basic Local Alignment Search Tool (BLAST) analysis, and the alignment with sequences from GenBank.
Detection of rotavirus, astrovirus, sapovirus, and norovirus
The extracted viral nucleic acids of astrovirus, sapovirus, norovirus, and rotavirus were detected with the Accupower 
Analysis of seasonal epidemic trends in the fecal and respiratory AIALSR
The correlation between the seasonal epidemic trends in intussusception and each NEAd subgroup was analyzed with Spearman's correlation analysis.
We compared the seasonal trends in the incidence of intussusception with our NEAd results obtained with RT-PCR and with the WRAD (fecal) and WRIR (respiratory) adenovirus data. We divided the study period into 15 subperiods by 4-week, extending from week 23 in 2012 to week 30 in 2013. We analyzed the seasonal epidemic trends for the adenoviral subgroups in our data and the incidence of intussusception in these 15 subperiods. The adenoviral epidemic incidence data from WRAD and WRIR were also analyzed in these 15 subperiods.
The trends of the intussusception incidence, NEAd of case, AIALSR (WRAD and WRIR) adenovirus data and each NEAd subgroup (A, B, C, and E) were analyzed to investigate the correlation between each data and the incidence of intussusception, using Spearman's correlation analysis.
Statistical analysis
IBM SPSS ver. 23 (IBM Co., Armonk, NY, USA) was used for all statistical analyses. An independent two-sample t-test was used to analyze parametric continuous variables, and a cross-tabulation analysis with the χ 2 test was used to analyze nominal variables. Because of our relatively small sample sizes, we used a nonparametric Spearman's correlation analysis to determine the correlation between the seasonal epidemic variations in the incidence of intussusception, the viruses detected in the case samples, and the AIALSR (WRAD and WRIR) virus data. For all analyses, a two-tailed P value of < 0.05 was considered significant.
Ethics statement
The present study protocol was reviewed and approved by the Institutional Review Board (IRB) of Gangneung Asan Hospital, Ulsan University College of Medicine (2012-020). And this study protocol was approved by each center's IRB, too. They were followings as Inje University Sanggye Paik Hospital (12-041), Ajou University Hospital (MED-SMP-12-167), Bundang Jesaeng General Hospital (PD 12-01), Dankook University Hospital (2012-05-007), Pusan National University Yangsan Hospital (05-2012-043), Ulsan University Hospital (UUH-IRB-13-050), and Kyungpook National University Hospital (KNUH 2012-06-004). Informed consent was submitted by all subjects when they were enrolled.
RESULTS
Demographic data and clinical characteristics of cases and controls
The mean ages were 1.74 ± 1.20 years in the cases and 1.66 ± 1.35 years in the controls, which were not significantly different (P = 0.622) ( Table 1 ). There were two age peaks (6-18 months and 30-36 months) among the cases. NEAd subgroup C was the predominant pathogen in most age groups. The incidence of NEAd subgroup C did not differ significantly between the < 2-year-old group and the > 2-year-old group (P = 0.197; Fig. 1 ).
The proportion of males did not differ significantly (P = 0.499) between the cases (65.1%) and the controls (61.3%) ( Table 1) . Nor did the rotavirus vaccination histories of the two groups differ significantly. A previous history of intussusception was significantly more frequent in the case group than in the control group (10.4% vs. 0%, P < 0.001). Fever (P = 0.001) and preceding gastroenteritis symptoms (P < 0.001) were more frequent among the controls than among the cases, but preceding upper respiratory infection symptoms did not differ significantly between the two groups (23.9% vs. 21.1%, P = 0.750) ( Table 1) .
Fecal virus detection with real-time PCR
Viruses were detected in 71 (56.3%) of the 126 intussusceptionassociated fecal samples. Among the 71 virus-positive samples, two species of viruses were detected in 14 samples and three species were detected in two samples, and thus 89 viruses were detected in the 71 samples. Viruses were detected in 65 (61.3%) of the 106 control fecal samples. Among these 65 virus-positive samples, two species of virus were detected in eight samples, and thus 73 viruses were detected in the 65 samples. The number of negative samples did not differ significantly between the case and control groups (43.7% vs. 38.7%, P = 0.504) ( Table 2) . Members of the family Adenoviridae were the predominant pathogens in the children with intussusception, and were detected significantly more often in the cases than in the controls (42.1% vs. 12.3%, P < 0.001) ( Table 2) . NEAds (subgroups A, B, C, and E) were detected considerably more often in the patients with intussusception than in the controls (40.5% vs. 3.8%, P < 0.001), whereas enteric adenoviruses (subgroup F) were more often detected in the controls than in the cases (8.5% vs. 1.6%, P = 0.025). Among the NEAds, subgroup C was predominant (23/126 vs. 1/106, P < 0.001) and subgroups B (11/126 vs. 1/106, P = 0.007) and E (10/126 vs. 1/106, P = 0.013) were statistically significantly more frequent in the intussusception patients than https://doi.org/10.3346/jkms.2017. 32.10.1647 in the controls. NEAd subgroup A was more often detected in the cases than in the controls, but not significantly so (7/126 vs. 1/106, P = 0.074). Rotavirus (18.7% vs. 1.6%, P < 0.001) and norovirus (23.6% vs. 12.7%, P = 0.038) were detected significantly more often in the controls than in the cases, but the incidences of astrovirus and sapovirus did not differ significantly between the two groups.
Demographic data and clinical characteristics of cases with no virus, NEAds, or another enteritis viruses
The patients with intussusception were divided into three groups: those in whom no virus was detected (group 1, n = 55), those in whom NEAds were detected (group 2, n = 51), and those in whom other enteritis viruses were detected (group 3, n = 20) (Table 3) . No demographic or clinical characteristics differed significantly between groups 1 and 2 or between groups 2 and 3.
Comparison of our seasonal epidemic trends in adenovirus with AIALSR data
We compared the seasonal epidemic trends in our NEAd data with respiratory and fecal adenoviral data from the WRIR and WRAD in the AIALSR. Not respiratory (WRIR) but fecal (WRAD) adenovirus epidemic data were similar to epidemic trend of NEAd and the incidence of intussusception (Fig. 2A) . The sea- sonal trends in the incidence of intussusception and in the presence of NEAd showed three congruent seasonal peaks ( Fig. 2A ). All these peaks occurred within two WRAD adenoviral epidemic periods (weeks 31-46 in 2012 and weeks 15-22 in 2013) . Adenoviral subgroups B and E were detected significantly more often in the case group than in the control group with RT-PCR. However, only subgroup C correlated with intussusception epidemics, in contrast to the relatively perennial trends in subgroups B and E (Fig. 2B) . The trends in rotavirus and norovirus in our data were also similar to the corresponding trends reported in the WRAD (Fig. 3) . The seasonal trend in rotavirus (Fig. 3A) showed one distinctive prominent epidemic peak in weeks 7-26 in 2013, which was similar to the rotaviral seasonal trend in the WRAD rotavirus data (Fig. 3C) . The seasonal trend in norovirus (Fig. 3A) also showed one distinctive prominent epidemic peak from week 43, 2012, to week 6, 2013, which was similar to the noroviral seasonal trend in the WRAD norovirus data (Fig. 3C) . However, the trend for astrovirus in our data, which had one epidemic peak, did not correlate with the WRAD astroviral data. Sapovirus was only detected in this study (Fig. 3B) , and not in the WRAD.
Correlations between the incidence of intussusception and adenoviral subgroups
Spearman's analysis was used to correlate the trends in the incidence of intussusception and the seasonal variations in viral epidemics based on the adenoviral data from our RT-PCR results and the AIALSR data, after the study period was divided into 15 subperiods (Table 4 ). The correlations between the incidence of intussusception and the trends in total NEAds (r = 0.635; P = 0.011), NEAd subgroup C (r = 0.776; P = 0.001), and in the WRAD adenoviruses (r = 0.572; P = 0.026) were all statistically significant. However, the correlation between the incidence of intussusception and epidemic trends in the WRIR adenovirus was not significant (r = −0.298; P = 0.280). Also, the WRIR adenovirus did not show the correlation with any trend of total NEAds (r = 0.272; P = 0.327) or NEAd subgroup C (r = 0.173; P = 0.538). The epidemic trend in total NEAds correlated significantly with NEAd subgroup C (r = 0.831; P = 0.000) and subgroup A (r = 0.591; P = 0.020). The epidemic trend in NEAd subgroup C also correlated significantly with the trends in the WRAD adenoviruses (r = 0.537; P = 0.039), but not correlated with WRIR adenovirus trend (r = 0.173; P = 0.538). In contrast, the epidemic trends in NEAd subgroups B and E did not correlate significantly with any trends in intussusception, total NEAds, the WRAD or WRIR adenovirus. The seasonal trends in enteric adenovirus (subgroup F) did not correlate with the incidence of intussusception (r = −0.156; P = 0.580), adenovirus data from WRAD (r = 0.341; P = 0.213) or WRIR (r = 0.000; P = 1.000).
DISCUSSION
The aim of this annual multicenter case-control study was a comparative analysis of the etiology and epidemic correlations between subgroups of the family Adenoviridae and pediatric idiopathic intussusception. Importantly, a multicenter study mini-mizes any regional endemic selection bias in a study of epidemic pathogens. Annual observations also reduce the bias caused by seasonal epidemic variations.
The proportion of males did not differ significantly between the intussusception and control patients (65.1% vs. 61.3%, P = 0.499) ( Table 1) . Although the proportion of males was reported to be about 70% in a textbook (1), in two Asian studies based on national health data, the proportions of males with childhood intussusception were 62.5% (24) and 66.3% (25) , which are more similar to our result. The proportion of males in the control group was 61.3% because the controls were selected to match the sexes of the patients with intussusception. In this study, 10.3% of intussusception patients had a previous history of intussusception, whereas none in the control group had a previous history of intussusception. Intussusception is known to recur at a rate of about 10%-20% (26, 27) . Because we used patients with acute gastroenteritis as the controls, fever and preceding acute gastroenteritis symptoms were more common in the controls than in the cases. However, preceding symptoms of upper respiratory infection did not differ significantly between the two groups ( Table 1) .
Several other studies have shown that adenoviruses are the viruses predominantly detected in intussusception (3, (10) (11) (12) (17) (18) (19) . In this study, adenoviruses were the pathogens predominantly associated with intussusception, and were detected significantly more often in patients with intussusception than in the controls (42.1% vs. 12.3%, P < 0.001) ( Table 2) . A 1-year observational study showed a similar result, in that 50% of cases of intussusception were caused by a virus in the intestinal epithelium, and the predominant virus (33%) was a member of the Adenoviridae (28) . Another study reported similar results, with 36 (50.7%) of 71 fecal sample from intussusception patients positive for adenovirus (12) . In an analysis of fecal adenoviruses in intussusception patients, adenovirus was detected in 34% of patients in Vietnam (odds ratio [OR], 8.2) and in 40% of patients in Australia (OR, 44) (18) . In a Taiwanese study, NEAds were detected 44.3% of intussusception patients but in only 3.8% of healthy controls (10) . Similarly, NEAds were detected significantly more often in patients with intussusception than in the controls in this study (40.5% [51/126] vs. 3.8% [4/106], P < 0.001). Our results show that 96.3% (51/53) of the adenovirus associated with intussusception were NEAds. Intussusception has been particularly associated with adenoviral types 1, 2, 5, and 6, all belonging to NEAd subgroup C (3, 19, 29, 30) . In our adenoviral subgroup analysis, the predominant subgroup was also adenoviral subgroup C, and 45.1% (23/51) of the NEAds detected were subgroup C in the NEAd-positive patients with intussusception.
In contrast, adenovirus was detected in only 12.3% (13/106) of the controls; 30.8% (4/13) of these adenoviruses were NEAds, and only 7.7% (1/13) of the NEAds in the controls were adenoviral subgroup C.
Subgroup C was the NEAd subgroup most frequently detected (P < 0.001) in this study. NEAd subgroups A, B, and E were also detected more often in the cases than the controls, but only (3) of intussusception patients. It seems that the discrepancies in the incidence of subgroup B reported in previous studies were caused by a viral epidemic event during the study period. Only few studies have examined the association between NEAd subgroup E and intussusception. NEAd subgroup E is associated with respiratory infections and keratoconjunctivitis (31) . A lower incidence than other NEAd subgroups is characteristic of subgroup E (22, 32) , which constitutes about 1%-3% of all adenoviral infections. In the present study, the incidence of NEAd subgroup E was low (0.95%, 1/106) in the control group, as in previous studies, but it was detected significantly frequently in the intussusception patients (7.9%, 10/126). Another characteristic of NEAd subgroup E is that its epidemic period ( < 1 month) is shorter than those of the other adenoviral subgroups (32) . Its short-term epidemics and low incidence of infection are insufficient to show an epidemic trend, especially if the sample is small, as in this study. NEAd subgroup C was the predominant pathogen among NEAd subgroups, consistently across most age groups (Fig. 1) . A Japanese study reported that NEAd is a significant risk factor for intussusception in children, particularly those aged > 2 years (12) . However, in our study, the incidence of NEAd subgroup C did not differ significantly between children < 2 years old and those > 2 years old (P = 0.197) (Fig. 1) .
Although a proportion of NEAd-infected intussusception patients had preceding upper respiratory symptoms, the clinical manifestations of the intussusception patients infected with different pathogens did not differ significantly in this study (Table  3) . Therefore, clinical respiratory symptoms were insufficient to distinguish the involvement of different viral species in intussusception, although the predominant adenoviruses were NEAds, which also cause respiratory infections.
In this study, the seasonal epidemic trends correlated well with our RT-PCR results and with the WRAD data for all viruses (adenovirus, rotavirus, and norovirus), except astrovirus (Figs. 2  and 3 ). This confirms that our fecal sampling properly reflected the annual epidemic variations in these viruses. The seasonal epidemic trends in the incidence of intussusception and NEAds displayed congruent seasonal peaks, whereas the peaks of norovirus, rotavirus, and astrovirus were never congruent with the peaks of intussusception (Fig. 3) .
In this study, the incidence intussusception also increased during the periods of the WRAD-recorded adenovirus epidemics ( Fig. 2A) . The epidemic episodes of intussusception and NEAds (Table 4) . Although both NEAd subgroup C and subgroups B and E were significantly associated with intussusception in comparative analysis (Table 2) , only the epidemic trend in subgroup C correlated with the trend in the incidence of intussusception. The epidemic trends in subgroups B and E did not correspond to outbreaks, but formed relatively perennial patterns (Fig. 2B) . We also confirmed these discrepancies with a Spearman's correlation analysis. In the correlation with NEAd, the epidemic trend in NEAd subgroup C and subgroup A correlated with that of NEAd. We guess that epidemic trend of NEAd was influenced by the epidemic episodes of subgroup A and subgroup C (Fig. 2B) . And the epidemic trend in NEAd subgroup C correlated significantly with the trend in the WRAD adenoviruses.
In the correlation with the incidence of intussusception, the trends in total NEAds, NEAd subgroup C, and the WRAD adenoviruses correlated statistically significantly (Table 4) . However, WRIR adenovirus showed insignificant correlation with total NEAds, NEAd subgroup C and the incidence of intussusception. We guess that the incidence of intussusception is associated with not respiratory but gastrointestinal involved NEAd.
Our study had several limitations. One of the major limitations was that we could not avoid the loss of a large proportion of intussusception patients. Because many intussusception patients were immediately discharged from the emergency room after reduction, we could not obtain samples from the patients or consent from their parents. Second, the WRAD data do not refer specifically to NEAds but data on general adenoviruses. A comparison of our NEAd results with nationwide NEAd data might allow a more accurate epidemic correlation analysis. Unfortunately, we could not obtain nationwide NEAd data. Finally, although both NEAd subgroup C and subgroups B and E were statistically significantly associated with intussusception in comparative analysis (Table 2) , only the epidemic trend in NEAd subgroup C correlated significantly with the trend in the incidence of intussusception. The epidemic trends in subgroups B and E did not indicate outbreaks, but relatively perennial patterns. We attribute this to our small sample size or the lack of subgroup B and E epidemic events during our study period. The detection of NEAd subgroup A correlated marginally significantly with the incidence of intussusception. We anticipate that in future large-scale studies, this correlation with subgroup A will be significant. We hope that future studies will be based on larger samples across long periods that include epidemic episodes involving these NIEAd subgroups. The identification of a corre-https://doi.org/10.3346/jkms.2017. 32.10.1647 lation between NEAd subgroup B or E and the incidence of intussusception will require a larger sample size and longer study period, including viral epidemic episodes, than were analyzed in this study.
In conclusion, we suggest that NEAd is the major risk factor for intussusception, based on both an RT-PCR analysis and annual epidemiological trends. The seasonal trend in the incidence of intussusception correlated significantly with the trends in NEAds and the WRAD adenoviruses. Only the epidemic trend in NEAd subgroup C correlated significantly with the incidence of intussusception in correlation analysis, although subgroups B, C and E correlated statistically significantly with the intussusception in comparative analysis. Therefore, we suggest that the nationwide adenoviral data from the WRAD presented in the AIALSR could be used as an approximate epidemic predictor of intussusception, a critical medical condition in infancy and childhood requiring urgent attention.
